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Abstract
Rapid identi�cation of different amino acid responses is of great importance in the �eld of biomedicine.
Through the combination of the drug intermediate pyrimidine with the �uorophore BODIPY, a new type of
high-e�ciency �uorescent probe for rapid identi�cation of different amino acids was prepared. In terms
of photophysical properties, the UV absorption and �uorescence emission of the mercapto groups were
observed under the conditions of different hydroperoxide equivalents and different solvents, and the
maximum values were in the range of 534–538 nm and 554–560 nm. When different amino acids were
added, the UV absorption and �uorescence emission ranges were 538 ~ 540 nm and 560 ~ 564 nm.
Finally, the identi�cation sensitivity of amino acids with different equivalents under different oxidant
conditions was quickly detected by �uorescence cuvette. Among them, the identi�cation response to
tyrosine was the most obvious.

Introduction
Amino acids are one of the many bioactive macromolecules for the construction of biological organisms,
and they are the basic materials for the construction of cells and the repair of tissues. Amino acids are
used by the body to make antibody proteins that �ght bacterial [1, 2] and viral infections [3, 4], to make
hemoglobin that carries oxygen [5–7], and to make enzymes and hormones that maintain and regulate
metabolism [8–11]. Amino acids are the main substances for the production of sperm [12–14] and egg
cells [15, 16] and the indispensable prerequisite for the synthesis of neurotransmitters [17, 18]. Amino
acids, which power the body [19, 20] and brain [21, 22], are essential to all life. Twenty kinds of basic
amino acids are known, including tyrosine, lysine, threonine, leucine, isoleucine, valine, methionine,
tryptophan, phenylalanine, and other amino acids. Since amino acids are closely related to major
diseases and human pathological mechanisms, their balance and adequate supply are the basic
prerequisites for human health. The lack of any supply of an amino acid, will affect the normal immune
system and other functions of the play, make the person is in a state of sub-health, are more vulnerable to
disease. Therefore, how to quickly detect the responsiveness of different amino acids is still a hot �eld.

Recently, many researchers have devoted themselves to the research and development of many new high-
e�ciency amino acid probes in this �eld. Such as, Raines et al. and Lei et al. reported using diazo
compounds to esterify the carboxylic acid groups in proteins [23] and Waldmann et al. developed
Woodward’s reagent K for covalent protein labeling at glutamic acids [24]. Shen et al. reported design of a
chiral aldehyde probe D-BPBR with bromine isotope, and carried out a series of chiral amino acid analysis
studies combined with high performance liquid chromatography/mass spectrometry. Ma et al. and Et et
al. reported that 2H-azirine was generated by using sodium azide and iodine chloride, and then 3-phenyl-
2H-azrine was synthesized using traditional methods to label glutamate and aspartic acid [25].

Although these probes are of great signi�cance in amino acid labeling, they lack one part in the e�cient
and rapid detection of conventional amino acids, namely, short-time identi�cation. Based on this design
idea, we synthesized a simple and e�cient pyrimidine-BODIPY (PyBODIPY) �uorescent probe.
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Experimental Section
Reagents and instrumentation

All reagents were purchased commercially and further puri�ed when used. All the reactions involved were
monitored by thin-layer chromatography (TLC) and analyzed with ultraviolet lamps at 254 and 365nm.
Products were separated and puri�ed by column chromatography (200-300 mesh silica gel). NMR were
recorded by Bruker avance II instrument in deuterium chloroform (400 MHz for 1H and 100 MHz for 13C).
Chemical shifts are reported in ppm, versus internal tetramethylsilane (TMS) as a standard. The mass
spectrum was obtained on a Thermo LXQ by liquid chromatgraphy-ion trap mass spectrometry.
Absorption spectra were recorded with a UV-2550 spectrophotometer. The �uorescence emission spectra
were measured by Shimazu RF-5301PCS �uorescence spectrophotometer with excitation wavelength of
500 nm. The molecular weight by MS-ESI (Jeol LTD JMS-HX 110/110A) was performed.

Synthesis

ethyl (Z)-4-((2-((1-(di�uoroboraneyl)-5-((4-ethyl-3,5-dimethyl-2H-pyrrol-2-ylidene)(phenyl) methyl)-1H-pyrrol-
2-yl)amino)ethyl)amino)-2-(methylthio)pyrimidine-5-carboxylate.

(Z)-N1-(1-(di�uoroboraneyl)-5-((4-ethyl-3,5-dimethyl-2H-pyrrol-2-ylidene)(phenyl)methyl)-1H-pyrrol-2-
yl)ethane-1,2-diamine (BODIPY-NH2

ref, 0.23 g, 0.6 mmol) was dissolved in dichloromethane (8 mL), ethyl
4-chloro-2-(methylthio)pyrimidine-5-carboxylate (0.15 g, 0.6 mmol) and triethylamine (80 μL, 1.2 mmol)
were added. The reaction was stopped after magnetic stirring at room temperature for 5 h. Red
compound (PyBODIPY, 0.21 g, 63%) was isolated by column chromatography (petroleum ether: EtOAc =
2:1). 1H-NMR: (400 MHz, CDCl3, ppm): δ 8.68 (s, 1H), 8.47 (s, 1H), 7.45-7.28 (m, 5H), 6.48 (d, J=4.0Hz, 1H),
6.15(s, 1H), 6.02 (d, J=4.0Hz, 4H), 4.36-4.30 (m, 2H), 3.87-3.82 (m, 2H), 3.62-3.57 (m, 2H), 2.56(s, 3H),
2.49(s, 3H), 2.37-2.31 (m, 2H), 1.39(s, 3H), 1.37 (t, J=6.0Hz, 3H), 1.03 (t, J=4.0Hz, 3H); 13C NMR (100MHz,
CDCl3): δ (ppm) = 176.41, 166.75, 160.59, 159.62, 158.49, 145.76, 135.28, 133.88, 132.94, 132.87, 132.25,
130.23, 129.67, 128.55, 128.41, 128.02, 105.58, 101.33, 61.0, 43.85, 40.19, 17.17, 14.93, 14.22, 14.18,
11.94, 11.58. ITMS (ESI) calcd for C29H33BF2N6O2S [M+H]+ m/z 578.5; found 579.2.

Detect of different amino acid method

Seven empty cuvettes were selected to add 5 μg/ mL PyBODIPY at one time, followed by 1.0~2.0
hydrogen peroxide with different equivalents. After the completion of the reaction for 5 minutes, 1.0
equivalents of different amino acids were added again for 5 minutes. Different solvents were selected for
UV absorption and �uorescence emission detection in each step [26-31].

Result And Discussion
Design
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The design concept of amino acid �uorescent probe is that considering the error of detection results
caused by the toxicity of the probe itself, pyrimidine [32–34], which is widely used in the drug �eld, is
selected as the intermediate of targeting action to introduce the �uorescent group BODIPY [35]. This
design not only greatly reduces the toxicity problem of the probe, but also has certain drug activity in the
overall structure. The best of both worlds. (Fig-1 and Scheme-1).

The mercapto group in the pyrimidine structure is easily oxidized by hydrogen peroxide, while the sulfonyl
group sandwiched between two nitrogen atoms is extremely unstable and easily attacked by nucleophilic
groups to form an amino acid-pyrimidine-BODIPY structure. Due to the changes of the overall structure,
different amino acid compounds produce different color changes under the irradiation of 365nm
wavelength, so as to detect the identi�cation of different amino acids (Fig-2).

In order to observe the changes of pyrimidine-bodipy in different solvents and hydrogen peroxide
solutions with different equivalents, continuous detection was conducted from 1.0 to 2.0. As shown in
Table 3, the curve changes in methanol and tetrahydrofuran solutions are almost overlapped without any
change. Although the other four solvents �uctuated slightly up and down the curve, the overall difference
remained at the same level. It can be concluded from the results that the in�uence of sulfonyl group on
the ultraviolet spectrum of the whole structure is negligible.

Table 1
Photophysical characteristic of PyBODIPY in different solvent

Solvent EtOAc CH2Cl2 DMSO MeOH EtOH THF

λabs

max,
534 538 536 534 535 536

λem

max,
554 555 560 554 554 556

From Fig. 4 that the results of the overall �uorescence spectrum are similar to those of the ultraviolet
spectrum described above, without signi�cant changes. However, the �uorescence intensity changes in
DMSO, which is different from that in other polar solvents, indicating that the probe has a good response
effect in DMSO. Table-1 shows the data processing of UV spectrum and �uorescence spectrum in Figure
3 and 4 above. As can be seen, the overall value does not change much, and only DMSO shows spectral
properties that are different from other solvents.

Compared with Fig. 3 above, there are obvious curve changes in Fig. 5. Each corresponding amino acid
showed a strong reactivity with PyBODIPY, indicating that they had produced a responsive effect between
them. Although the �uctuation of the overall curve is not very big, but there is a difference in the intensity
of absorption. In particular, tyrosine exhibited strong responsiveness under 1.0 equivalent condition,
which was different from other amino acids.
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Table 2
Photophysical properties of compound 1 with amino acids in

DMSO solution
Solvent Gly His Tyr Trp Phe Cys

λabs

max,
540 538 539 538 538 539

λem

max,
560 560 564 562 560 561

Compared with Fig. 4, the curves of histidine, tryptophan and phenylalanine showed little change, but the
overall �uorescence intensity was all improved. The �uorescence emission intensity of glycine, tyrosine
and cysteine varies obviously (Fig-6). Although the range of change is not very large, but can indicate that
each other has a responsive effect. In fact, it is not di�cult to see from Table 2 that the data changes in
Table 1 obviously increase the intensity trend.

By comparing the �uorescence identi�cation of six different amino acids, it can be observed that the
color of PyBODIPY is bright transparent pink under sunlight. When adding different equivalents of
hydrogen peroxide from 1.0 to 2.0, the color of the blank sample is yellow-green, and all the others are
bright yellow. The indicates that oxidation reactions of hydrogen peroxide with the mercapto group of
PyBODIPY, resulting in the change of color. On the other hand, the same amino acid does not change
much in color and maintains the same �uorescence regardless of the excess of hydrogen peroxide. When
different amino acids such as tryptophan, glycine, histidine, phenylalanine, and cysteine are added, the
color changes are not obvious, although some color differences occur. The response of tyrosine was the
most prominent, and the overall color changed to green, which was equal to the effect of blank sample.

Conclusion
In this study, a new type of PyBODIPY �uorescent probe for rapid and e�cient identi�cation of different
amino acids was described. It was characterized by easy preparation, strong practicability and short
response time. Among them, the identi�cation response to tyrosine was the most obvious. This probe is
suitable for research in the �eld of major diseases or rapid diagnosis. Convenience and fastness are the
highlight of this study, which will provide an important reference for the future development of more
�uorescent probes in the same �eld.
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Figure 1

Structure of PyBODIPY probe.
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Figure 2

Mechanism of different amino acid identi�cations.
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Figure 3

UV spectrum of different equivalents hydrogen peroxide and PyBODIPY.
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Figure 4

Fluorescence spectrum of different equivalents hydrogen peroxide and PyBODIPY.

Figure 5

UV spectrum of different equivalents hydrogen peroxide, PyBODIPY and different amino acid.
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Figure 6

Fluorescence spectrum of different equivalents hydrogen peroxide, PyBODIPY and different amino acid.
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Figure 7

Changes in response to PyBODIPY and different amino acids.
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